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Introduction
The changing nature of the global economy has placed a novel attention on intangible capital as a new source of growth. The structural and technological changes associated with the rapid progress in Information and Communication Technologies (ICT), the rising role of the service sector and the emergence of new business models made intangible investment a key element of global competition.
The seminal paper by Corrado Hulten and Sichel (2005) is the first of a number of country studies 1 showing that intangible capital is an essential ingredient for economic growth. CHS extended the standard growth accounting model to identify the contribution of intangible capital to economic growth.
They estimated that investment in intangibles averaged US$1.1 trillion between 1998 and 2000 (1.2 times tangible capital investment) or 12 per cent of GDP, and they showed that an important part of the US productivity acceleration since the mid-1990s can be attributed to growth in intangible assets.
The nature of the impact of the inclusion of intangible capital in the growth accounting model is similar across the countries for which the estimates are available. It determines an increase in labour productivity growth and in the contribution of capital deepening and a decrease in TFP growth. But intangible expenditure is currently treated as current expense in the national accounts rather than as an investment. This determines an understatement of investment in the economy and an incomplete picture of the main sources of growth.
The aim of this paper is to provide a contribution in this respect analyzing the diffusion of intangible investment across the EU27 member countries and to investigate the role of intangible capital as a source of growth in a set of European countries to improve our understanding of the international differences in the mix of drivers of productivity growth in the EU member economies.
In this paper we use the estimates of intangible capital for the European countries produced by the INNODRIVE 2 project for the period 1995-2005.
The paper is structured into seven sections. The next section briefly summarizes some of the literature background on intangibles and productivity growth, with particular reference to the related measurement issues. Section 3 introduces the data, whilst Section 4 provides a descriptive analysis of the diffusion of intangible spending and of its composition in the business sector in the EU27 area as a whole as well as in its member states. Section 5 describes the extended growth accounting model applied to explore the impact of intangible capital on productivity growth and section 6 illustrates our empirical results.
Section 7 concludes indicating the main policy implications and the next steps in our research.
1 See Barnes and McClure, 2009 , for a comprehensive review of the empirical literature. 2 INNODRIVE -Intangible Capital and Innovations: Drivers of Growth and Location in the EU‖, is a project financed by the European Commision -FP7 Work Programme. The aim of this research project is to provide new data on intangibles and new estimates of the capacity of intangible capital to generate growth both at firm-level and at national level.
Background literature
There is an extensive literature on intangible investment but most of it focuses only on some assets Another widely used method to estimate the value of intangible capital is the -other performance‖ based approach, focusing mostly on measures such as productivity or earnings. Cummins (2005) , for example, using US firm-level panel data, estimated intangible capital in terms of adjustment costs by means of econometric techniques. His idea was to create a proxy for the intrinsic value of the firm from discounted value of expected profits based on analysts‗ forecasts (which he suggested reflect the analysts‗ valuation of intangibles) and to estimate the return on each type of capital (tangible and intangible). He found no significant intangibles related with R&D and advertising but sizable intangibles (organizational capital) generated by IT. McGrattan and Prescott (2005) inferred the value of intangible capital from corporate profits, the returns to tangible assets, and the assumption of equal after-tax returns to tangible and intangible assets. They calculated a range for the value of intangible capital from 31 to 76 per cent of US GDP.
From a similar perspective, Lev and Radhakrishnan (2005) provided a firm-specific measure of organizational capital, modeling the effect on sales of organizational capital. They found that the marginal productivity of organizational capital ranged between 0.4 and 0.6, and the mean organizational capital was 4 per cent of average sales of their sample of US firms.
The direct expenditure-based approach was adopted the first time by Nakamura (1999 Nakamura ( , 2001 
Data description
Our estimates of intangible investment include the three main categories of assets identified by CHS (2005): economic competencies, innovative property and computerised information. Economic competencies include spending on strategic planning, worker training, redesigning or reconfiguring existing products in existing markets, investment to retain or gain market share and investment in brand names. Innovative property refers to the innovative activity built on a scientific base of knowledge as well as to innovation and new product/process R&D more broadly defined.
Computerised information basically coincides with computer software.
We adopted an expenditure based approach so that we produce direct estimates of intangible gross fixed capital formation and capital, including both purchased and own-account components, based on expenditure data. In this respect, we followed the assumptions of CHS (2005) National accounts data are taken from the Euklems database. The calculation of national accounts‗ value added consistent with the newly measured intangible GFCF is obtained increasing national account value-added with intangible investment (both purchased and produced on own-account).
Then the measured intangible GFCF is deflated using the GDP deflator.
Intangible capital in European countries
In this section we provide evidence on intangible spending of the business sector in the EU25 5 area as a whole and in its member economies in the period 1995-2005. Figure 1 shows the investment share of Gross Domestic Product (GDP) for the business sector in both tangible and intangible assets 6 . The data refer to the EU25 area as a whole, to the EU15 and to the main EU25 regions in
2005.
3 Available on www.innodrive.org 4 The estimates of Advertising and Market research has been provided by the CEPS team. 5 We cannot look at the EU27 as a whole for the entire period because the data for the 2007 member states go back only to 1998. 6 See appendix 1 for a definition of the type of assets included in both tangible and intangible capital. In all the EU25 regions the rate of growth of intangible investment increased while, the rate of growth of tangible investment decreased over the period, with the exception of MED countries where it increased. In the Aglosaxon countries, where the GDP intensity of intangibles is higher than of tangibles, the slowdown of tangible expenditure is relatively more pronounced than in the other European economies. The NMS and the Scandinavian countries maintain an average rate of growth of intangibles of 1.8 per cent and 1.4 per cent while the MED economies grew by 0.6 per cent over the entire period. In the other regions, the contribution of economic competencies to total intangibles varies between Source: INNODRIVE estimates Figure 3 compares the intangible distribution 7 , at the country level, for the EU25 member economies. There are sizable differences among countries with UK and Sweden at the top and most of the NMS and the MED countries at the bottom end of the distribution. It is interesting to note the top position of the Czech Republic and Hungary being 1.2 percent and 0.7 percent higher than the EU25 average. As we will see below, the rank of the Czech Republic is linked to the high share of innovative property while the location of Hungary depends on the significant share of economic competencies.
Now we take a closer look at the diffusion of intangible investment across the EU27 member economies. Table 2 shows the GDP shares of intangibles for the all the EU27 economies in three benchmark years 1995, 2000 and 2005. The GDP intensities are rather heterogeneous across countries with Sweden and UK maintaining the pole positions and Greece and Romania at the bottom end over the whole period.
7 The differential effect is computed as the difference of the GDP share for intangibles between each member state and the EU25 as a whole. 
Source: INNODRIVE estimates
The composition of intangible investment, as defined by CHS, varies a lot across countries and time. 
The Growth Accounting Framework
The Growth accounting framework allows to decompose GDP growth into its labour, capital and total factor productivity (TFP) components. The reference model to evaluate the contribution of intangibles to economic growth is the CHS Model (2005). In their model intangibles are treated symmetrically as tangibles in the standard growth accounting framework. The explicit inclusion of intangible capital within a growth accounting framework can affect both the input and output sides of the model thus influencing also the residual TFP growth 8 .
This section presents a brief overview of the modified growth accounting model and the results obtained performing a growth accounting exercise to evaluate the contribution of tangible and intangible assets (national account intangible assets, new intangible and tangible assets) to economic growth in a set of European countries.
The CHS Model
As stated above the extended growth accounting framework proposed by CHS (2005) 
treats intangibles and tangibles symmetrically. Therefore the extended growth accounting equation is g Q (t) = v L (t)g L (t) + v T (t)g T (t) + v I (t)g I (t) + g A (t)
( 1) where g X (T) denotes the logarithmic rate of growth of variable X and v Y (t) denotes the share of input Y in total output (more precisely the average of the shares between time t and time t-1). L, T and I are, respectively, the labour input, tangible capital and intangible capital and g A (t) denotes the rate of growth of multifactor productivity.
Theoretical model
In the standard growth accounting framework, the volume growth of capital input is obtained aggregating the growth rates of the productive stock of the various assets using cost-share weights for each asset type: is the cost-share of asset i in period t, u i t is its user cost and n is the number of asset types (both tangibles and intangibles).
The standard framework outlined above is modified to evaluate the impact of intangible assets on the aggregate growth of capital services, by computing volume indexes of the flow of capital services from both tangible and intangible assets. The volume indexes of the flow of intangible capital services is obtained by aggregating across productive stocks of intangible capital goods with weights equal to the share of each asset in the value of total cost for intangible capital services.
If there are nz intangible-type assets, then the index of intangible capital services is: The index of the flow of capital services from tangible assets is defined symmetrically.
Implementation issues.
Our estimate of productive capital stock is based on the following simplifying assumptions:
2. constant depreciation rates over time 3. the depreciation rate for each type of asset is the same for all countries.
The first assumption eases the calculations because it implies that the rate of efficiency decay is identical to the rate of economic depreciation (put it differently, age-efficiency and age-price profiles coincide). Further, since each type of asset (e.g machinery and equipment, office machinery and so on) is an aggregate of many different types of individual assets that are somewhat heterogeneous with respect to their service life, it is necessary to find a proxy of an average profile. The geometric depreciation is the best approximation of the average profile, even if each assets component in the group follows a different pattern 9 .
The depreciation rates of tangible assets have been gathered from EUKLEMS, while those for the intangibles have been obtained as in CHS 10 .
The user cost of capital of asset i has been calculated as:
where:
-q i t is the investment deflator for asset i (i.e. the same price index that is used to deflate nominal expenditure), -r t is the net rate of return common to all assets (both tangibles and intangibles) in year t, -d i t is economic depreciation rate of asset i and -g i t measures expected capital gains-losses on asset i.
The depreciation rate -d‖ is the same we used to calculate the capital stock of asset i, while the asset revaluation term has been derived from the investment price index (e.g. it can be defined as a moving average of the rates of changes in the asset price in the three years priors to t).
As suggested by CHS, we calculated the nominal net rate of return as an internal rate. This choice is based on the assumption that the total value of the remuneration of capital services (both for tangible and intangible capital) exhausts total non labour income, that is:
where the summation runs over all the assets (tangibles and intangibles).
Thus, once total capital income, productive capital stock and the other components of the usercost for each asset have been determined, the expression above can be used to identify the value of r(t) that causes the identity to hold. Finally, the income share of each input is obtained as:
v L = P L L/ P Q Q; v I = P I I/ P Q Q; v T = P T T/ P Q Q.
Empirical results
In this section we illustrate the results of the growth accounting exercise based on equation (1). Table 4 shows the relative contributions of capital deepening and total factor productivity to labour productivity growth in the current asset boundary compared to the extended asset boundary that is when intangible assets are capitalized. The lower TFP growth shows that when intangibles are not capitalized their contribution to labour productivity growth is captured by TFP in line with its residual nature (Jorgenson and Griliches (1967) ). In all countries, apart from Italy and Spain, the inclusion of intangibles in the asset boundary involves a larger role of capital deepening that in most cases becomes the main source of growth. However, the effect on TFP growth is quite heterogeneous across countries and mirrors only partially the effect on capital deepening. For instance, in Sweden the strong increase in the contribution of capital deepening is associated with a negligible effect on labour productivity growth: as a consequence the capitalization of intangibles causes a strong decrease in TFP growth (0.37 percentage points). On the other hand, in Austria the high increase of the contribution of capital deepening is associated with a high increase in labour productivity growth: then the reduction in TFP growth is relatively smaller (0.11 percentage points).
However, the inclusion of the intangibles in the asset boundary produces different effects on labour productivity growth according to the business cycle. We found a positive effect in the second half Another issue is related to the well known dependence of growth accounting estimates on the period of analysis (CHS, 2005) . However, these findings are worth to be further investigated. Table 5 summarizes the contribution of tangible and intangible assets to labour productivity growth in the business sector of the sample countries.
Intangible capital deepening contributes more than tangible capital in France, Denmark, and
Finland. In the two latter economies, this result depends on innovative property assets accounting for the largest share of intangible capital substantially driven by R&D capital accumulation.
France has equally distributed shares of software, innovative property and economic competencies accounting for the intangible capital deepening.
Note that the fast growing countries, Sweden and UK, where intangible capital accounts for 0.8-0.7
percentage points of labour productivity growth, are also the most intangible intensive economies (Table 2) . On the other hand, Italy and Spain, the slow growing member states are also the less intangible intensive economies. This finding goes in the same direction as van Ark et al (2009) showing a positive association between the GDP share of intangible and hourly labour productivity.
Looking at the contribution of each intangible asset, we observe that for Sweden and Finland, R&D is the key source of growth, while for UK, organizational capital is the main driver of growth.
Interestingly, in Finland, where intangible capital plays a greater role than tangible capital, the largest part of Finnish labour productivity growth is accounted for by R&D capital deepening and by a relatively high TFP.
Summing up, the results shown in Tables 4 and 5 suggest that intangibles that are currently excluded from the asset boundary of national accounts matter for growth accounting analysis, because the growth of labour productivity is significantly modified when they are capitalized. We showed that the composition of the sources of growth is affected by the inclusion of intangible capital, with a considerably greater role for capital deepening and a proportionally smaller role for TFP as firstly showed by (CHS, 2005 
Conclusions
Despite the recent financial crisis has put much emphasis on stabilization macro-policies and regulatory issues, long-term growth and labour productivity are still high in the international economic agenda, as they are crucial for living standards all around the globe.
-Intangible capital‖, as it is currently defined and has been measured in this paper, has been neglected for a long time as a source of economic growth, although some of the items it includes had been recognized as relevant factor of social development.
Our study shows that including intangible capital as a ‖production factor‖ helps clarifying the sources of long-run growth. In particular, the -unexplained‖ component of macro-economic dynamics, the so-called Total Factor Productivity, becomes less important, while physical capital turns out to be strongly complementary with intangible capital.
Labour productivity, which in the long term is commonly viewed as deeply related with wages and the living standards of the workforce, is prompted by the accumulation of intangible capital.
Investing in intangibles is therefore an engine of rising social welfare.
According to our estimates, in the most recent years, the intangibles have been a relevant source of growth across European countries so that they cannot be omitted from national account data.
